Let P be a principal S 3 -bundle over a sphere S n , with n 4. Let G P be the gauge group of P . The homotopy type of G P when n = 4 was studied by A. Kono in [A. Kono, A note on the homotopy type of certain gauge groups, Proc. Roy. Soc. Edinburgh Sect. A 117 (1991) [295][296][297]. In this paper we extend his result and we study the homotopy type of the gauge group of these bundles for all n 25.
In order to determine the type of the gauge groups, we give an explicit formula for the boundary operator in the homotopy exact sequence associated to the evaluation fibration in Section 2. This is equivalent to fixing the class of the mapf , and therefore determining all the homotopy information of its fiber, namely of G f . This solves the problem in the majority of cases, n = 13, 14, 19, 20, 21, and 22, see Section 3. In order to deal with the cases n = 14, 19, 20 and 21, we need more information about the possible types of the fiber of the maps h, this is in Section 4. Eventually, in Section 5, we deal with the cases n = 13 and 21, that are harder.
In the following we will use the notation of [11] for the elements in the homotopy groups of the spheres, and we will identify maps and classes when possible.
Boundary operator and the class off
Consider the homotopy exact sequence associated to the fibration ev,
(1) then we can prove the following result, where we denote by α(p) the p component of an element α in some homotopy group.
Proposition 1. Fix f ∈ m(S n , B S
3 ; f ), n > 4, and let ∂ f be the class that represents f in π n−1 (S 3 ). Then, for all k 4, ζ ∈ π k−1 (S 3 ),
where ν is the element of order 4 of π 6 (S 3 
).
Proof. It is convenient to work with homotopy groups of S 4 . This can be done recalling that each map f :
factors through the inclusion j of S 4 
into B S
Using the construction of [6] , we find that the boundary operator ∂ k sends the class of a map u : 
we obtain
Next observe that, for all ψ ∈ π n (S 6 ), 
of the Hopf fibering [10] . Also, by the mod p Serre isomorphism (see for example [11, (13.1) ]), with p odd, we have that
This gives the formula stated in the proposition. 2
The formula of the boundary operator allows in theory to compute π k (G f ). In particular, Kono used π 2 in order to solve the problem when n = 4 in [6] .
We have the following immediate consequences of Proposition 1, where
denotes the adjoint map. 
Note that the converse is not true. In fact a homotopy self equivalence s of Ω
This happens for example when n = 4 (see [6] ) or n = 13 (see Section 4). 
Proof. We use Corollary 1 to show that, for each of these values of n, ad(f ) is the trivial element of π n+2 (S 3 ). Therefore, the thesis follows from Corollary 2. The notation is that of Proposition 1.
by [11, (5.4) ], and π 9 (S 3 ) that has no elements of even order, ad(f ) = 0, for all f m .
Case n = 8, 9, and
Cases n = 10, and 11. Since ∂ f ∈ π 9 (S 3 ; 2) = π 10 (S
By [11, (7. 14)], and since ν • ζ 6 ∈ π 17 (S
Case n = 16, and 17. ∂ f belongs to π 15 (
, and ∂ f belongs to π 16 (S
], respectively for these two values of n, so we have 4 and 6 bundles. If ζ is a generator in the even component, we see that ν • Σ 3 ζ = 0 by (2) . and (2),
and hence ad(f m,n ) = 0. [11, Lemma 12.4] , and since ν •ζ 6 ∈ π 25 (S
For all these values of n, we have only one non-trivial bundle f . Using Corollary 1, we show that ad(f ) = 0. This is not enough, but using the exact sequence (1) and Corollary 3, we compute π
and we show that
, is one of the generators of π 14 (S
The cases n = 14, 19, 20, 22
The proof is the same in the four cases, so we give it in details for n = 14, and we just sketch the other ones. 
Proof. First, we compute ad(f m,n,k ), with ∂ f m,n,k = mη 3 • μ 4 + n + kα 13 , using Corollary 1. By [11, (7.10) ], and (2),
while by [11, Theorem 7.7] ,
and this is the generator of the 2 component of π 16 (S 3 ). By Corollary 2, we have at most two types for G f . Next, in order to show that they are not the same type we compute π 2 (G f ). Using Corollary 3, Im ev 4 * = Z, for all the bundles f 0,n,k , and Im ev 4 * = 2Z, for all the bundles f 1,n,k . Therefore, 
Proof. We have that
by [11, Lemma 12.10] , and since ν • ν 6 ∈ π 9 (S 3 ; 2) = 0, while 
is a generator of the 2 component of π 24 (S 
are the two generators of π 15 (S
This shows that the non-trivial bundles have gauge group of different type from that of the trivial one.
At this point it is worth observing that a technique like the one followed in Remark 1 or in [6] , would not help in this case, since everything reduces modulo 2. Therefore, we try to compute higher homotopy groups, in order to distinguish the types of the non-trivial bundles. Take the sequence (1) with k = 4 and n = 13,
We compute Im ev 5 * for the various f . By Proposition 1 (with k = 5), we need to solve the equation
that is precisely the generator. When f = f 0,1 , by [11, (7.5 ) and (7.10)],
Therefore, Im ev 5 * = 0 for f 0,1 , while Im
We still have ambiguity for G f 1,0 and G f 1,1 . We computed the homotopy groups π k of these two spaces using the approach above and results of [11] and [7] , for 4 k 9. We find that π k (G f 1,0 ) = π k (G f 1,1 ), for all these k. This suggests that the two spaces have the same type. We prove that this is the case, constructing a homotopy self equivalence s of Ω 12 S 3 , such that f 1,1 ∼ sf 1,0 . This will be done in 4 steps.
Step 1. We recall the construction of the elements μ 3 and 3 . The element 3 is the unique element of the secondary composition and where L = C Σν . Next, consider the following diagram Step 2. Consider the two mapsf 1,l : S 3 → Ω description of the classes involved given in the previous step, it is possible to see that the mapsf 1,l factors (up to homotopy) through the space Ω 12 M. More precisely, 
Step 3. We construct a homotopy self equivalence of M. We do it using results of [8] . To fix notation, recall the construction of the space M in the following diagram
Consider the following portions of the exact sequences associated to C Σν
Explicit calculations and the fact that the attaching map is a suspension give
By [8] , we have homomorphisms π and λ that make the following square commutes
and where π(x) = 1 + k * (x), and λ(x) = 1 x = ∇(1 ∨ x)θ is the map defined by the Hilton coaction. We know from [8, (1.8) ], that λπ −1 (1) is a subgroup of the group of self equivalences of M. We construct a map x : Σ
Step 4. We show that s * (μ 3 
